Ribosome-derived and ribonucleic acid (RNA)-rich bacterial extracts protect mice against a variety of bacterial and protozoal infections (2, 23, 27, 30, 31) . Protection has been shown with submicrogram amounts of such vaccines against Mycobacterium tuberculosif (18) , Salmonella typhimurium (22) , and Vibrio cholerae (12) . In addition, cross-protection between serotypes has been demonstrated with preparations from Streptococcus pneumoniae (25) , V. cholerae (13) , and Neisseria meningitidis (24) .
We report here biochemical and immunological properties of RNA-rich extracts derived from Francisella tularensis, live attenuated strain (LVS), and the highly virulent streptomycin-sensitive strain, SCHU S4 (S4). Properties of these extracts were compared to those from Staphylococcus aureus prepared in an identical manner and to heat-killed and attenuated F. tularensis organisms. The kinds and amounts of major RNA fractions were monitored by disc gel electrophoresis. Extracts were fractionated on sucrose density gradients in an attempt to localize activity to a region containing RNA of a specific size class. In addition, sera from vaccinated animals were examined for the presence of agglutinating and opsonic antibody.
MATERIALS AND METHODS
Bacterial strains. Three strains of F. tularensis (LVS, S4, and 425) were used in these studies. LVS, an attenuated strain commonly used for vaccination, provides a high level of immunity against all forms of tularemia in animals and man (20) . Both S4 and 425 are highly virulent for mice, one organism being equivalent to one minimum lethal dose (MLD).
However, strain 425 is less virulent than S4 for rabbits, subhuman primates, and humans (9 (iii) Ethanol precipitation of 40,000 x g supernatant (extract C). A 40,000 x g supernatant, prepared as described above, was precipitated with 2 volumes of 95% ethanol. The pellet was dissolved in phosphate-buffered saline, treated with DNase, and stored at -20 C.
Samples of all preparations were examined spectrophotometrically at 260 and 280 nm and assayed for protein content by the method of Lowry et al. (14) . Quality of RNA in the extracts was determined from optical density profiles at 260 nm after disc electrophoresis on 10-cm, 2.5% acrylamide-0.5% agarose gels, by the method of Bourque and Naylor (5 Activity of extracts against tularemia. Data shown in Table 1 indicated that 5 Mg of extract B from strain LVS, the smallest amount tested, conferred significant protection against lethal infection with strain 425. In contrast, S. aureus extract B was ineffective in protecting against 425, although electrophoresis showed similar kinds and amounts of the three major size classes of RNA (Fig. 1) distribution of the three major size classes of RNA in pooled fractions from the gradient was determined by disc gel electrophoresis (Fig.  2B) . Pooled fractions from the first peak contained essentially all of the 4S RNA; fractions from the second peak contained most of the 16S RNA, and the third peak contained the 23S VOL. 12, 1975 on October 25, 2017 by guest http://iai.asm.org/ Downloaded from RNA. In contrast to the localization in the gradient of RNA size groups, protective activity against 425 was not confined to a specific region. Immunogenic activity was essentially the same for the three fractions (Table 2) .
Enzyme degradation of protective activity. To clarify the contribution of RNA to extract activity, experiments were performed with RNase and Pronase. Treatment of extract B with Pronase did not affect the structural integrity of the three major size classes of RNA (Fig.  3) . However, RNase treatment drastically altered the integrity of all three major size classes. The peak at about 5S in Fig. 3B resulted from incomplete degradation of high-molecularweight RNA. Immunogenic activity was unaffected by Pronase but was destroyed by RNase (Table 3) .
Induction of serum antibody by bacterial extracts. Induction of serum antibody may be an important component of the mechanism of action of RNA-rich extracts. To test this postulate, pooled sera from LVS extract B-and S. aureus extract B-vaccinated mice were compared to pools from untreated mice and mice immunized with live F. tularensis. Results indicated that LVS extract B and live F. tularensis were highly effective for induction of specific opsonins (Table 4) . Hemmagglutinating anti- body was detected only in sera with significant opsonic activity. Hemagglutination titers were low but reproducible and clearly distinguishable from the negative reactions of untreated mice or mice vaccinated with S. aureus extract B (Table 4) . DISCUSSION Induction of specific resistance against F. tularensis strain 425 by immunization with RNA-rich extracts from strain LVS is in accordance with observations reported for other systems involving facultative intracellular infections. In addition, induction of specific opsonic antibodies by F. tularensis extracts corresponds to activity reported for extracts from S. typhimurium (15) . However, live cells of attenuated F. tularensis (strain LVS), but not killed cells or RNA-rich extracts, conferred protection against fully virulent F. tularensis strain SCHU S4. Apparently, RNA-rich extracts and other killed preparations are ineffective for stimulation of key mechanisms of immunity required for defense against this organism. Other reports indicate that the ability tc induce delayed-type hypersensitivity or in vitrc correlates of cell-mediated immunity depend. on the type of extract and the organism froir which the extract is derived. For example 4S 16 (10) argued that formation of physiologically relevant RNA-antigen complexes in vitro has specificity requirements with respect to tissue source of both RNA and enzymes.
Immunogenic RNA has been derived from rabbit lymphoid cells (4, 16) , rat peritoneal cells (3) , mouse liver and spleen (7), and guinea pig lymphoid tissue (26, 28) . The activity of these RNA-rich preparations is unaffected by proteolytic enzymes but is destroyed by RNase. In all instances activity was localized to RNA of a specific size class. We have shown that protective activity of F. tularensis RNA-rich extracts is sensitive to RNase but not to Pronase. Also, since S. aureus extracts are not protective, activity could not be a general property of bacterial RNA. However, our failure to localize activity to a specific size class of RNA argues against the notion that immunogenicity is associated with a particular RNA species in the RNA-rich extracts of F. tularensis. A similar suggestion has been made for ribosome-derived extracts from V. cholerae (12) . These data suggest that RNA may play a structural or carrier role in the presentation of an as yet unidentified somatic antigen. Depending on the organism, ribosomal proteins may also successfully perform this carrier function.
